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ABSTRACT 

Thin paper Investigated the extent to which ohanges 
in flanh frequency would change the effestiveneit 
of a warning light in »lioitlng a reaotion.    Ton 
subjects war« required to Judg» whloh flashing 
light they would turn off first.    It was found that 
tli» effectiveness of the warning light increased 
at)"a dlroot flunotion of the flash rat», raaohing 
maximal effectiveness at approximately 10 ope* 
Further inoroases in frequency produced a door»ait 
in effectiveness.    Thar» ia son» evidence to indi- 
cate that effectiveness, apparent fluctuations, 
and disagreeableness all vary in the *am» way ai 
a funotlon of flash rat»« 
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■ rPIQTIVINIII OP WARNING LI3HII 

AI A P \ J II C T I 0 N OP PLASH RATS 

' 

In many preettoal situation«, warning lights are used to indicate the presence 
of a malfunction of «qulpment.    Of ton there are ■•▼oral naming lights on a 
given display with ctlff«rant lights appearing for different .«alfunotlona, 
■inoe acne malfuRotlons are mora oruoial than others, it la desirable to convoy 
thia Information to th* oparater so that thaao oan b« oorreoted first»    On« 
obviouB solution it to labal or code tha lights.    In addition to thia» it would 
be highly daairabla to uaa sen« stimulus oharaotarlatioa of tne light« them- 
aalvaa to produce "response demand",    Tha praaant atudy i@ oonoarnad with th« 
affaot of dlffarant flash ratas in eliciting suoh responsa demand. 

i PR00IDUR1 

Ideally, the subjeot might be presented wit)» two or more flashing lights and 
required to do something to turn off one of the lights before the othern.    This 
situation would be fairly comparable to that of an operator who must repair the 
fault aasooiated with one warning light as opposed to a fault associated with 
another light«    Due to ourrent apparatus limitations, however,  in the present 
study the aubjoots were simply asked "which warning light would you turn off 
flrstl" 

Ten male volunteer subjeots were used slgnly in sessions of approximately 
20 minutes duration.    Bach subject sat about 2 feet from two Strobotaos* in a 
moderately illuminated room.    The Strobotaos were 12 inches apart and trans- 
mitted light to the subjoot's view through a 3/4 inoh diameter aperture. 
These apertures were oovered with a thin velum paper to diffuse the light. 

During eaoh stimulus presentation, both Strobotaos flashed simultaneously, 
eaoh at.lts own rate.    The duration of eaoh flash was constant at approximately 
1 x Iff" seoonds.    Ten different flash rates from 1 to 80 ops were given in a 
sequenoe whioh was balanced for position effeots.    Perty-five presentations 
were given to eaoh subject via the method of paired comparisons.    Unlimited 
time was allowed for a ohoise and about five seconds elapaed between presenta- 
tions. 

•*    " * Mar.ui*otured by the Qoneral Radio Corporation, Model #631-BL, 
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RB81ILT8 AND DISMISSION 
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■*     " 

The results »re presented in Figure 1,    The average poroent preference for the 
ten subjects is plotted against th« flash frequenoy of th« warning light.    Up 
to t«n opa, an Increase of flash rat« remults In an increase in preference.    At 
10 op«, maximum pr«f«r«no« 1a shown.    Further increases in flash rat« produo« 
d«or«as«s in preference,    Sinoo th« preference figures for 50 and 80 ops ar« 
.Hentloal, it would seem that further inor«as«s in frequency would produo« little 
or no effeot.   At th« lower flash rates, however,  it is quite possible that do- 
orcases in frequency below 1 ops would further decrease the preferability of 
the signals« 

The data for on« subjoot differed appreciably from the averaged data seen 
in Figure 1»    This atypical subject ooniistently preferred the lower flash 
rates, and therefore,  showed a maximum preference at the lowest rate« used« 
The data for the other nine subjeots closely resemble eaoh other as to the form 
of the curve, but there is some variation as to when the ourve rcaoha« a max- 
imum (fl-lß ops)« 

The subjective appearanoe of the light« seems to be related to their meas- 
ured effectiveness.   At the lower rates, the lights appear simply as an altar- 
nation of light and dark In the visual field.    This alternation has been sailed 
"flackerlicht"  (2).   With further inoreases in flash rate above 6 opi, the vis- 
ual field appears as alternations of light and lighter rather than light and 
dark,    This latter type cf alternation has been oalled "flimmerlioht"  (2)« 
It is in this region of transition, 6-1? spa, that maximum effectiveness oc- 
curs.   Additional Inoreases in rate reduoes apparent fluctuations until appar- 
ent fusion is reaohed at approximately 80 opa.    It appears then that effec- 
tiveness of the warning lights is associated with the frcquenoy with which the 
lights appear to fluctuate. 

flfcrughold (2) has investigated ths subjeotlve reactions to intermittent 
light stimulation using a three point scalei    tolerable, diaagr««abl« and very 
disagreeable.    His results indioate that a frequency of 1 ops was tolerable 
while 2 ops was unpleasant.    Frequencies of 8 to B ops fell within the very 
unpleasant range,    Th« intensity of trie flickering light was about 200 lux 
measured at the eye.    In the present study where  the intensity of light was 
Approximately 1 ft. oandle, measured at the source,  only two subjeots report- 
ed the flickering lights bo be disagreeable. 

Recently Qerathewohl  (l) has reported that reaction time deoreases with 
Inoreases in frequenoy for fairly slow flash rates up to 8 ops.    No relation- 
ship between reaction time and higher flash rates were reported.    The findlnga 
of Strughold (2) and the results of the present study appear to be consistent 
with the work of Qerathewohl, 

Flickering light has also been used ollnioally to produce photo-shook, 
i.e., to produoe abnormal rhythms in the eleotroenoephalogram as a diagnostlo 
aid for eplleptios (s).    In addition to phono-shook,  Intermittent stimulation 
with a high intensity light has been found to produoe nausea, disilness, 
fainting, etc.    Whether these results are a function of either frequenoy or 
intensity,  or particular combinations of frequenoy and intensity would be 
difficult to specify at the present. 

At any rate it would appear that the results of the present study might 
be Interpreted in terms of the disagreeable nature of intermittent stimulation 
at particular frequencies.    However, a number of related variables must be 

* - 



i 

m m 

I m 

. _. 
/ 

/ 

——. w 

c )     0 )   « )   1* -   u )   \f >   % t     K >    c< J    - 

SI 
0.1 
CO 

§1 

30N3H3d3Hd % 

Id 

D 

& 

I a: 

< 

z 

< 

9 



investigated  before any generalised oonolualona o»n  I» made,    These variables 
inolude  tnt«nilty,  onlnr-,   on-eff duration!,  ob«.     These variable« will   b«  ta* 
wiu^i,».! ii. fuw^r« studies« 

SUMMARY   4ND    CONCLUSIONS 

This study Investigated the extent bo whioh changes in flash frequency would 
change the arfeobivene*« of a warning light in tlloitlng a reaction.    Tan aub- 
Jeoba wart raqulrad bo judge whioh flashing light thay would turn off firatt 
It wqs found bhat tha effeobiveneea of tha warning light increased ai a direct 
lvMotlon of the flach rat«, reaohing maxim*! effectiveness aa approximately 10 
opa.    Further increases in frequency produced a deoreaae In effeotireneai« 
There la acme evidence to indioate that effeofcivenei», apparent fluctuations, 
and disagreeableness all vary in the aame way aa a funotion of flash rate. 

Further  atudy of auoh variable« ai oontraat ratio,  intensity, ooler, 
•bo,, should make it possible to determine what kind of warning lights 
should be uaed under a given aet of conditions. 

'   \ 
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